Objectives: management of hyponatraemia depends crucially on accurate determination of volaemic (hydration) status but this is notoriously challenging to measure in older people. Bioelectrical impedance analysis (Bia) provides a validated means of determining total body water (tBW), but its clinical utility in determining volaemic status in hyponatraemia has never been tested. this study assessed the utility of Bia in the clinical management of hyponatraemia in elderly patients with fragility fractures (EPFF), a group at high risk of hyponatraemia. Design: Prospective observational study of consenting patients ≥65 years with fragility fractures (n=127). Setting: university teaching hospital in scotland. Participants: Patients ≥65 years with fragility fractures with capacity to consent to participation. Measurements: Bia and standard clinical examination procedures (jugular venous distension, skin turgor, mouth and axillary moistness, peripheral oedema, capillary refill time, overall impression) were performed daily throughout each participant's hospital stay. Volaemic status of hyponatraemia was determined by an expert panel using clinical data (history, examination, nursing observations and laboratory tests) blinded to tBW readings. Cohen's kappa was calculated to assess the level of agreement between the expert panel and both Bia and standard clinical examination measures in determining the volaemic state of hyponatraemia. Results: 26/33 (79%) cases of hyponatraemia had sufficient clinical information to allow determination of volaemic status by Bia. there was moderate level of agreement between Bia and the expert panel, kappa 0.52 (p<.001). all kappa values for standard clinical assessments of volaemic status neared zero, indicating nil to slight agreement. Conclusion: Bia outperformed all aspects of the standard clinical examination in determining the volaemic status of hyponatraemic EPFF, suggesting it may be useful in clinical practice.
Introduction
Hyponatraemia, serum sodium < 135mmol/l, is the commonest electrolyte imbalance encountered in clinical practice (1) . Prevalence is known to increase in frail patient groups. Elderly patients with fragility fractures (EPFF) are particularly susceptible to hyponatraemia and are at higher risk of complications, making this a group of special clinical importance (1, 2) . Hyponatraemia occurs due to disruption of sodium and water homeostasis, normally maintained by complex multi-system physiological mechanisms (1) . Consequently, there are numerous potential underlying causes of hyponatraemia, spanning a broad spectrum of diseases, pharmacotherapy and pathophysiological variants each with different treatment requirements (see figure 1) (3) .
Hyponatraemia is associated with geriatric conditions and multi-organ pathological changes. these include abnormal gait patterns, falls, fractures, cognitive impairment, bone demineralisation, longer hospital stay, institutionalisation and increased mortality (2) (3) (4) (5) (6) (7) . Whether it is an independent predictor of patient outcomes or a marker of disease severity is debatable (3) . nevertheless, hyponatraemia is very treatable, so its association with multiple poor clinical outcomes is important.
Clinical management of hyponatraemia is based on diagnosing and treating the underlying causes and restoring salt and water balance (1) . However, accurate determination of aetiology of hyponatraemia is notoriously challenging (8) . Diagnosis depends crucially on accurate assessment of volaemic status which is difficult to determine with certainty, especially in older individuals for whom there is currently no reliable biomarker of hydration (3, 9) . Expert physicians' clinical judgment is the most widely accepted means of obtaining an accurate diagnosis. Diagnostic algorithms have been developed to facilitate clinical management of hyponatraemia by non-specialist clinicians, but all rely on accurate assessment of volaemic status (10) . standard assessment of volaemic status, using clinical examination, is unreliable for older hyponatraemic patients (8) . moreover, hyponatraemia in older individuals is predominantly multifactorial in aetiology, and may therefore present with conflicting signs of volaemic status (7, 11 requires strict fluid restriction whilst dehydration requires vigorous fluid replacement). given the probability of degenerative physiology with concomitant disease in older individuals, there is little room for treatment error, particularly in EPFF who endure additional homeostatic challenges due to the fracture and subsequent surgical intervention (12) . in order to improve clinical management and outcomes of hyponatraemia, a reliable biomarker of hydration in older individuals is urgently required (3). Previous work suggests that knowledge of tBW may be useful (8) . inter-person variability of tBW is large, so single readings of tBW are unlikely to be of clinically utility. However, intra-person variability is low (i.e. an individual's tBW changes little day-to-day in health) (13) . Repeated intra-subject measures of tBW may therefore be beneficial in determining volaemic state of hyponatraemia when accompanied by changes in serum sodium levels (8) . the gold standard for measuring tBW, isotope dilutional analysis, is currently too expensive and difficult to obtain for routine clinical use. However, bioelectrical impedance analysis (Bia) is a simple, non-invasive, cheap and rapid measure of tBW which has been validated for use in acutely ill elderly hyonatramic patients (8, 14) . it relies on the principle that the reciprocal of the impedance opposed to a weak alternating current applied across the body is proportional to tBW (15) . using age-sex specific calculations, tBW can be obtained from impedance measurements, height and weight (16) . Despite its' clinical practicality, the utility of Bia in clinical management of hyponatraemia has never been investigated. this study is the first to establish the potential clinical utility of Bia in EPFF as a marker of volaemic status.
Methods
We conducted an observational study in consenting adults aged 65 years and above admitted with a fragility fracture to aberdeen Royal infirmary, a university teaching hospital, from 7th January -4th april 2013. Fragility fractures were defined as those occurring either without trauma or due to low energy trauma, equivalent to a fall from standing height or less than one metre. adults with incapacity were excluded from
Figure 1
Hyponatraemia diagnostic algorithm. adapted from soiza et al. (1) recruitment. Capacity to consent was assessed by the attending clinical team in accordance with the adults with incapacity (scotland) act 2000. Participants were recruited from acute orthopaedic trauma wards and a geriatric assessment unit. Hyponatraemic and normonatraemic patients alike were recruited to allow study of incident cases of hyponatraemia developing in hospital.
Clinical data were obtained daily from patient interview, medical and nursing notes, observation and fluid balance charts and laboratory computer systems where avaliable from routine clinical practice. Clinical examination of volaemic status was performed daily by the investigator. this included skin turgor, capillary refill time, mouth moistness, axillary moistness, jugular venous distension, peripheral oedema and overall impression (see table 1 ). these signs were selected to match a previous study, which included only signs recommended in the medical literature (8) . Examination was carried out by one investigator (KC) to increase reliability of findings, maximise consistency and exclude effects of inter-observer variability. an initial two week training period of examination of volaemic status, under supervision of the principal investigator, was undertaken to help ensure quality and consistency. Bia was performed daily using the Quantum/s analyser (akern/RJl systems, Pontassieve, italy) with impedance measured at 50kHz. in accordance with user guidelines, participants were positioned, lying flat with limbs abducted 30°from the midsagittal plane. Four electrodes were attached in predetermined positions on the opposite side of the body from fracture site (distal ends of the third metacarpal and of the second metatarsal bone, between the styloid process of the radius and ulna and between the two maleoli of the ankle). tBW measurements were calculated from impedance, height and weight using the RJl systems formula, previously validated for use in acutely ill elderly hyponatraemic patients (16) . impedance was measured daily but height and weight were measured only once during admission.
Cases of hyponatraemia were defined as any serum sodium measurement <135mmol/l. an expert panel, consisting of two consultant geriatricians with special interest in hyponatraemia (Rls and gEH) and one consultant orthopaedic surgeon (JDH) reviewed the clinical information for each case of hyponatraemia, blinded to daily tBW measurements. the panel reviewed all cases retrospectively relying on the detailed daily prospectively-collected data provided by the single investigator (including history, medications, detailed daily examination, laboratory values, fluid intake and output charts) and had the added benefit of knowing what transpired over time as the case evolved. the panel used a diagnostic algorithm (figure 1) to help determine the volaemic state and underlying cause(s) of hyponatraemia. the volaemic state of hyponatraemia according to individual signs and overall assessment of volaemic status from daily clinical examination findings was determined by the predominant prospectivelycollected recordings by the investigator throughout hyponatraemic episodes (as per table 1). the volaemic state of hyponatraemia according to Bia was derived from review of daily tBW readings and the change in serum sodium (see table  2 ). Volume 18, Number 8, 2014 3 ). For inclusion in analyses involving Bia, cases had to have both Bia and serum sodium readings on at least two days around the onset of hyponatraemia. We calculated that, assuming agreement between the tBW method using Bia and the expert panel was 60% or more, then 31 cases of hyponatraemia had to be recruited for the relative error of the kappa coefficient to be no more than 30% (i.e. the 'true' kappa would be within 30% of the value of kappa obtained in this study) (18) . since the most recent study in a similar population reported a 16.9% point prevalence of hyponatraemia on admission after hip fracture, we anticipated needing to recruit 100 -150 participants in order to count with the required number of hyponatraemia cases once incident cases were included (5) .
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statistical Package for social sciences (sPss) version 20.0 was used to perform all the analysis. significance was assumed where p<0.05.
Results
out of 214 EPFF identified, 127 (59%) were recruited into the study. those not recruited had incapacity to consent (n=66), declined to participate (n=19), or agreed but were later excluded when the original diagnosis of fragility fracture was refuted (n=2). Participant study completion was >98% (n=125). two (1.6%) participants voluntarily withdrew midstudy, but all others completed the study. one (normonatraemic) participant, found Bia intolerable after 12 days and refused further Bia assessments but otherwise continued participation. a serum sodium measurement was obtained in 44% of all patient-days in hospital. Point prevalence of hyponatraemia on admission was 13.4% (n=17) and the incidence of cases developing in hospital was 12.6% (n=16). therefore, 33 cases of hyponatraemia were identified (see table 4 ). Data completion for daily clinical assessment variables was 86% overall as daily clinical examination and Bia was not always appropriate or possible (e.g. when a patient was dying).Completion rate of daily fluid balance charts for participants was 50% and none of the hyponatraemic participants had urine sodium concentration measured. the prevalence of hyponatraemia at discharge, according to last inhospital serum sodium, was 19% (n=24). 
Discussion
this study is the first to find that Bia is more accurate than standard clinical examination in determining the volaemic state of hyponatraemia in EPFF. this suggests that Bia has potential to improve clinical management of hyponatraemia.
there was moderate level of agreement between the expert panel and Bia in determining the volaemic state of hyponatraemia. level of agreement between the expert panel and standard clinical assessments was either nil or slight. the significantly higher level of agreement between the expert panel and Bia (kappa 0.52) compared to all domains of standard clinical assessment (kappa values -0.17 -0.14) implies that being aware of serial tBW readings is more useful than knowing the patient's clinical signs. Bia was feasible and tolerated in >99% of participants. it may therefore provide a practical alternative to the 'gold standard' method of tBW measurement, by isotope dilutional analysis, which is unsuitable for routine clinical use (8) . only one participant, after twelve days, found Bia intolerable, finding removal of electrodes painful owing to pre-existing dermatological problems. Positioning patients with upper limb fractures was sometimes challenging but was manageable in all instances. although it was only possible to determine volaemic status in 26 of the 33 cases of hyponatraemia, this was due to methodology constraints of the study (i.e. lack of serum sodium measurements precluded classification using Bia), rather than any limitation or failure of Bia itself. We therefore suggest that Bia has practical utility and potential to improve clinical diagnosis and treatment of hyponatraemia. although it remains unclear if hyponatraemia is a marker of poor prognosis or truly pathological in its own right, daily Bia in EPFF has potential to improve patient prognosis.
this study also confirmed that standard assessment of volaemic status is inadequate (8) . We previously reported it has poor reliability, with only moderate inter-observer agreement between two consultant geriatricians with special interest in hyponatraemia (8) . in the present study, all kappa values assessing validity of individual signs and overall assessment of hydration neared zero. therefore no clinical utility or validity of these methods can be inferred, other than for overall volaemic status and skin turgor which only achieved slight clinical utility. given the low accuracy reported here, clinical examination should not be utilised as the sole discriminant of volaemic state of hyponatraemia. although this is perhaps unsurprising, the level of agreement between an expert panel and standard assessment in determining volaemic state of hyponatraemia has never been previously reported. the exceptionally low kappa values we present may in part reflect limitations of our methodology as the investigator had limited Volume 18, Number 8, 2014 748 experience. However, the training and supervision provided for the clinical examination of hydration status was arguably more thorough than that usually provided to most medical staff at any stage in their training. nevertheless, the majority of cases of hyponatraemia are managed by non-expert clinicians and so our report is likely to be a true reflection of standard assessment. Whilst apparently simple to undertake, these standard clinical assessments are subject to numerous challenges and confounders. Examples include variations in posture and use of compression stockings affecting peripheral oedema, peripheral vascular disease affecting capillary refill time and mouth and axillary moistness being affected by the timing of the assessment in relation to drinks and washing, rather than being indicative of patients' volaemic state. We found numerous examples where individual components of the examination varied day to day, or were inconsistent with each other (e.g. a patient with a dry mouth and normal skin turgor one day might have the reverse pattern the next day, even without treatment.) moreover, we found that most cases of hyponatraemia were multifactorial in aetiology and the majority of cases presented with conflicting clinical signs of hydration, affirming the need for an accurate biomarker of hydration in older people. as a result, determining overall impression of volaemic state from clinical examination alone was difficult in most instances, particularly when interpreting signs that only differentiate between two rather than three volaemic states (e.g. absence of oedema indicates non-hypervolaemia but does not differentiate between hypovolaemia and euvolaemia). all these challenges are encountered in clinical practice, as well as our study. Despite the encouraging results, some other limitations of this study must be acknowledged. Firstly, identification and clinical management of hyponatraemia was sub-optimal in the clinical practice captured by this observational study, so useful diagnostic data were missing in some cases (e.g. no patients had urinary sodium measured). Consequently, the expert panel determination of volaemic state and interpretation of comparative changes in serum sodium and tBW was challenging, so some uncertainty surrounds our report. this limitation is consistent with that found in other studies and adds weight to concerns that current clinical mangement of hyponatraemia is frequently inadequate and warrants improvement (26) . Had hyponatraemia been more actively managed, the expert panel would have found establishing volaemic state according to tBW much simpler and utility of Bia could have been determined in all cases secondly, lack of daily weights resulted in deviation from recommended Bia user guidelines and may have affected the accuracy of tBW readings. However, from our experience of Bia, we hypothesized that daily weighing may be unnecessary (8) . this is because patient weight in this setting is expected to change little day to day and, in any case, Bia provides measurement of extra-cellular water that is independent of weight. nevertheless, this limitation will have had some effect on tBW readings and probably adversely affected the accuracy of Bia, so as to arguably underestimate the level of agreement with the expert panel. therefore, the main finding about the clinical utility of Bia is likely to remain valid. other factors may also have resulted in underestimating the true clinical utility of Bia. the Cohen's kappa value which we report, 0.52, represents agreement with the expert panel in 21 out of 26 cases, but the modest figure reflects the high weighting of errors in Cohen's kappa calculations (18) . also, it is possible that the expert panel's determination of volaemic state may have been erronous, owing to incomplete data or ascertainment bias, and that Bia may have provided the more accurate assessment, but there is presently no better 'gold standard' method of establishing volaemic state of hyponatraemia.
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lastly, this single-centre study with a small sample of cases (n=33) may be subject to selection and sampling bias. Furthermore, adults with incapacity who comprise a significant proportion of EPFF had to be excluded on advice from the research ethics committee. arguably, these patients may benefit most from improved clinical management of hyponatemia, and hyponatraemia itself may be the cause of cognitive impairment in some cases. their inclusion in this area of research should therefore be routine and we would like to see our findings confirmed in a larger multi-centre study that included adults with incapacity.
Despite these limitations, this study is the first to determine the level of agreement between an expert panel and both Bia and standard clinical assessment of hydration. the expertise of our panel not only provided the highest possible degree of quality assurance in the determination of the volaemic state of hyponatraemia, but also allowed the best possible assessment in cases lacking all data. our results show that Bia holds potential to improve clinical management of hyponatraemia. Further research with improved data avaliability and a larger sample size including adults with incapacity to consent is needed to confirm the clinical validity implied in our study. the utility of Bia for managing hyponatraemia in other settings should also be investigated. meanwhile, we suggest that Bia could be used as an adjunct to current clinical and laboratory methods in the management of hyponatraemia in EPFF.
